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With the rapid development of wide-band communication, non-constant envelope 
modulation and multi-carrier transmission techniques are widely used in modern 
communication system, which results in a high peak-to-average ratio (PAPR), leading 
to serious nonlinear distortions that include in-band signal distortion and out-of-band 
adjacent channel interference at power amplifiers (PA). Moreover, distinct memory 
effect exists in the power amplifiers in wide-band communication systems. Therefore, 
the system performance will be significantly deteriorated due to the nonlinear 
distortion and memory effect of PA. Hence, the linearization techniques become very 
necessary and important in wireless communication system. 
This paper focuses on the digital predistortion linearization techniques. First of all, 
the nonlinearity and memory effects of PA are introduced, then the behavioral 
modeling and digital predistortion techniques of nonlinear PA with memory effect are 
discussed. After that, an enhanced subband-based digital predistortion algorithm is 
proposed, aiming at distinct memory effects. Applying the subband-based to the 
digital predistortion could reduce the request of signal processing speed and improve 
the convergence performance of adaptive algorithm. Besides, oversampling 
technology is adopted inside the subband to reduce the impact of subband 
reconstruction distortion in demand on the performance of predistortion. On the other 
hand, subband decomposition process is referred to the design of multi-rate filters 
banks, which could raise the complex nonlinear optimization. Thus, in order to 
simplify the difficulty of filter banks design, the linearity iteration optimization 
method is chosen to design the cosine modulation filter banks (CMFB). 
At last we construct a general test and verify platform for PA’s parameter 
extraction and predistortion algorithm verification. A class-AB power amplifier made 
up of LDMOS is chosen as the test power amplifier, and the signal source is WCDMA 
test signal. Based on this platform, non-memory and memory behavioral model of 















amplifier. The experimental results show that memory model can fit the PA 
characteristic more precisely. In the end, we test the performance of memory 
polynomial and the proposed subband-based predistortion on the platform. The results 
show that the performance of power amplifier has been improved after predistortion. 















目    录 
摘    要 .................................................................................................... I 
Abstract ................................................................................................... III 
目    录 ................................................................................................... V 
Contents .................................................................................................. IX 
第 1 章 绪论 .......................................................................................... 1 
1.1 课题研究背景与意义 .................................................................................. 1 
1.2 国内外研究现状 .......................................................................................... 2 
1.3 本文工作和结构安排 .................................................................................. 3 
第 2 章 功率放大器非线性特性和数学模型 ...................................... 5 
2.1 功率放大器的非线性失真 .......................................................................... 5 
2.1.1 谐波失真 ............................................................................................... 5 
2.1.2 互调失真 ............................................................................................... 5 
2.1.3 AM/AM 和 AM/PM 特性 ..................................................................... 7 
2.1.4 功放线性度指标 ................................................................................... 7 
2.1.4.1 1dB 压缩点 ..................................................................................... 7 
2.1.4.2 三阶截断点 IP3 ............................................................................. 8 
2.1.4.3 ACPR .............................................................................................. 8 
2.1.4.4 EVM ................................................................................................ 9 
2.2 功率放大器的记忆效应 .............................................................................. 9 
2.2.1 电记忆效应 ......................................................................................... 10 
2.2.2 电热记忆效应 ..................................................................................... 10 
2.3 行为模型及数学描述 ................................................................................ 12 
2.3.1 Saleh 模型 ........................................................................................... 12 
2.3.2 Wiener 和 Hammerstein 模型 ............................................................. 13 
2.3.3 Augmented Wiener 模型 ..................................................................... 14 
2.3.4 Volterra 级数模型 ............................................................................... 15 
2.3.5 人工神经网络模型 ............................................................................. 16 
2.4 本章小结 .................................................................................................... 17 
第 3 章 多速率滤波器组的设计 ........................................................ 18 
3.1 多速率信号处理基本理论 ........................................................................ 18 
3.1.1 抽取和插值 ......................................................................................... 18 
3.1.2 多通道滤波器组 ................................................................................. 20 















3.2.1 余弦调制滤波器组的构造 ................................................................. 21 
3.2.2 余弦调制滤波器组设计 ..................................................................... 23 
3.3 近似重构余弦调制滤波器组最优化设计 ................................................ 24 
3.3.1 线性迭代最优化方法 ......................................................................... 24 
3.3.2 设计举例 ............................................................................................. 27 
3.4 本章小结 .................................................................................................... 30 
第 4 章 基于子带分解的自适应数字预失真算法 ............................ 31 
4.1 自适应数字预失真辨识结构 .................................................................... 31 
4.1.1 直接学习型预失真结构 ..................................................................... 31 
4.1.2 间接学习型预失真结构 ..................................................................... 32 
4.2 记忆型非线性功放的数字预失真算法 .................................................... 33 
4.2.1 记忆多项式预失真算法 ..................................................................... 33 
4.2.2 二维查找表预失真算法 ..................................................................... 34 
4.2.3 Hammerstein 预失真算法 .................................................................. 35 
4.2.4 延时神经网络预失真算法 ................................................................. 36 
4.3 基于子带分解的数字预失真算法 ............................................................ 38 
4.3.1 基于子带分解数字预失真算法 ......................................................... 38 
4.3.2 改进的子带分解数字预失真算法 ..................................................... 39 
4.3.2.1 查找表部分结构.......................................................................... 40 
4.3.2.2 子带部分结构.............................................................................. 42 
4.3.2.3 子带自适应算法.......................................................................... 43 
4.3.3 过采样子带分解数字预失真 ............................................................. 44 
4.4 仿真对比 .................................................................................................... 44 
4.4.1 仿真功放模型选择 ............................................................................. 44 
4.4.2 改进前后子带预失真 ......................................................................... 46 
4.4.3 过采样和临界采样子带预失真 ......................................................... 48 
4.4.4 子带预失真和全频带预失真 ............................................................. 49 
4.5 本章小结 .................................................................................................... 53 
第 5 章 预失真实验测量与验证 ........................................................ 54 
5.1 实验测量平台 ............................................................................................ 54 
5.1.1 测量平台介绍 ..................................................................................... 54 
5.1.2 WCDMA 测试信号源仿真 ................................................................ 56 
5.1.3 测量信号处理 ..................................................................................... 56 
5.2 行为建模平台测试 .................................................................................... 58 
5.2.1 多项式行为模型测试 ......................................................................... 58 
5.2.2 人工神经网络行为模型测试 ............................................................. 60 
5.3 预失真算法平台测试 ................................................................................ 62 
5.3.1 记忆多项式预失真测试 ..................................................................... 62 
5.3.2 子带分解预失真测试 ......................................................................... 63 
5.4 本章小结 .................................................................................................... 65 















6.1 本论文工作总结 ........................................................................................ 66 
6.2 后期工作展望 ............................................................................................ 67 
参考文献 .................................................................................................. 68 
致    谢 .................................................................................................. 72 






























Abstract in Chinese ................................................................................... I 
Abstract in English ................................................................................. II 
Contents in Chinese ............................................................................... IV 
Contents in English .............................................................................. VII  
Chapter1 Preface ......................................................................................1 
1.1 Application Background ............................................................................ 1 
1.2 Research Status ........................................................................................... 2 
1.3 Work and Organization Status .................................................................. 3 
Chapter2 Power Amlifier Non-linear and Behavioral Modeling ........5 
2.1 Non-linear Distortion of Power Amplifier ................................................ 5 
2.1.1 Harmonic Distortion .............................................................................. 5 
2.1.2 Intermodulation Distortion .................................................................... 5 
2.1.3 The Characteristics of AM/AM and AM/PM ........................................ 7 
2.1.4 The Linearizing Indicators of Power Amplifier .................................... 7 
2.1.4.1 1dB Compression Point .................................................................. 7 
2.1.4.2 IP3 .................................................................................................. 8 
2.1.4.3 ACPR .............................................................................................. 8 
2.1.4.4 EVM ................................................................................................ 9 
2.2 Memory Effect of Power Amplifier ........................................................... 9 
2.2.1 Electrical Memory Effects ................................................................... 10 
2.2.2 Electro-thermal memory effects .......................................................... 10 
2.3 Mathematical description of Behavioral Modeling ............................... 12 
2.3.1 Saleh Model ......................................................................................... 12 
2.3.2 Wiener and Hammerstein Model ......................................................... 13 
2.3.3 Augmented Wiener Model .................................................................. 14 
2.3.4 Volterra Model ..................................................................................... 15 
2.3.5 Artificial Neural Network Model ........................................................ 16 
2.4 Summary ................................................................................................... 17 
Chapter3 Design of Multirate Filter Banks .........................................18 
3.1 Fundamental Theory of Multirate Signal Processing ........................... 18 
3.1.1 Decimation and Interpolation .............................................................. 18 
3.1.2 Digital Filter Banks ............................................................................. 20 
3.2 Cosine-Modulated Filter Banks .............................................................. 21 















3.2.2 Design of Cosine-Modulated Filter Banks .......................................... 23 
3.3 Optimal Design of Near Perfect Reconstruction CMFB ....................... 24 
3.3.1 Optimal Method by linearity Iterative ................................................. 24 
3.3.2 Design Examples ................................................................................. 27 
3.4 Summary ................................................................................................... 30 
Chapter4 Subband-based Digital Predistortion ..................................31 
4.1 Learning Structure of Digital Predistortion ........................................... 31 
4.1.1 Direct Learning Structure .................................................................... 31 
4.1.2 Indirect Learning Structure .................................................................. 32 
4.2 Digital Predistortion of Power Amplifier with Memory ....................... 33 
4.2.1 Digital Predistortion by Memory Polynomial ..................................... 33 
4.2.2 Digital Predistortion by Two-Dimension LUT .................................... 34 
4.2.3 Digital Predistortion by Hammerstein ................................................. 35 
4.2.4 Digital Predistortion by Delay Neural Network .................................. 36 
4.3 Subband-based Digital Predistortion ..................................................... 38 
4.3.1 The Structure of Subband-based Predistorter ...................................... 38 
4.3.2 Proposed Subband-based Predistorter ................................................. 39 
4.3.2.1 LUT .............................................................................................. 40 
4.3.2.2 Subband ........................................................................................ 42 
4.3.2.3 Subband Adaptive Algorithm ........................................................ 43 
4.3.3 Subband-based Predistorter using Over Sample ................................. 44 
4.4 Simulation ................................................................................................. 44 
4.4.1 Choice of Amplifier in Simulation ...................................................... 44 
4.4.2 Preformance of Proposed Subband-based Predistorter ....................... 46 
4.4.3 Predistorter Using Over Sample .......................................................... 48 
4.4.4 Subband-based and Full-Band Predistorter ......................................... 49 
4.5 Summary ................................................................................................... 53 
Chpater5 Experiment Test and Validation ..........................................54 
5.1 Validation Platform .................................................................................. 54 
5.1.1 Introduction of Platform ...................................................................... 54 
5.1.2 Simulation of WCDMA Source ........................................................... 56 
5.1.3 Processing of Measuring Signal .......................................................... 56 
5.2 Behavioral Modeling Test on Platform ................................................... 58 
5.2.1 Test of Polynomial Modeling .............................................................. 58 
5.2.2 Test of Artificial Neural Network Modeling ....................................... 60 
5.3 Test of Digital Predistortion ..................................................................... 62 
5.3.1 Memory Polynomial Predistortion Testing.......................................... 62 
5.3.2 Subband-based Predistortion Testing .................................................. 63 
5.4 Summary ................................................................................................... 65 
Chapter6 Conclusion and Propect ........................................................66 
6.1 Summary of This Disertation .................................................................. 66 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
